In hypertensive patients with electrocardiographic (ECG) LVH, serial assessment of ECG LVH, QRS duration, and heart rate have been demonstrated to stratify the risk of SCD beyond the information provided by standard risk factors. [35] [36] [37] © 2013 American Heart Association, Inc. 
S
udden cardiac death (SCD) is a major public health issue, claiming 250 000 to 300 000 lives annually in the United States, 1,2 and may account for as much as 6% of total mortality in some communities. 3 The majority of sudden cardiac arrests occur in the community and are associated with a <10% survival rate. 1 Because SCD often presents without previous warning, 4, 5 better identification of risk factors for SCD is warranted. 2, 6 Clinical Perspective on p 251
Atrial fibrillation (AF) is a common arrhythmia 7, 8 that has been increasing in prevalence. 8 The incidence of AF increases with age 7 and in patients with hypertension, left ventricular hypertrophy (LVH), coronary heart disease, and heart failure. [9] [10] [11] [12] [13] [14] Prevalent and incident AF have been associated with an increased risk of all-cause mortality in population-based studies, [15] [16] [17] [18] postmyocardial infarction, 19, 20 and in most [21] [22] [23] [24] [25] [26] but not all 27, 28 analyses of patients with heart failure. However, less is known about the relationship of SCD to AF. Prevalent AF is associated with an increased risk of SCD in patients postmyocardial infarction 20, 29, 30 and in women with coronary artery disease, 31 but the relationship of SCD to AF in patients with heart failure has been inconsistent. 24, 25, 27 Moreover, in patients with implantable cardioverter-defibrillators (ICDs), a history of AF, 32 persistent AF at the time of ICD implantation, 33 and permanent but not persistent or paroxysmal AF, 34 have an increased risk of appropriate device therapies for ventricular arrhythmias.
Hypertensive patients with LVH are at a high risk of SCD. 35 However, whether hypertensive patients with new-onset AF have an increased risk of SCD independent of risk factors for AF and SCD has not been examined. Therefore, the present study examined whether new-onset AF was associated with a higher risk of SCD in hypertensive patients with ECG LVH after adjusting for differences in the prevalence of SCD risk factors, treatment effects, in-treatment blood pressure, and for the previously demonstrated relation of black race and in-treatment ECG LVH, QRS duration, and heart rate to SCD in this population.
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Methods
Subjects
The Losartan Intervention For Endpoint reduction in hypertension (LIFE) Study [35] [36] [37] [38] [39] [40] enrolled 9193 hypertensive patients with ECG LVH by Cornell voltage-duration product 41, 42 or Sokolow-Lyon voltage criteria 31 on a screening ECG in a prospective, double-blind, randomized study that compared cardiovascular morbidity and mortality with losartan-as opposed to atenolol-based treatment, 39 as previously described. [35] [36] [37] [38] [39] [40] A total of 362 patients had a history of AF (n=342) or AF on their LIFE baseline ECG (n=135), leaving 8831 patients without AF by history or baseline ECG in the present post hoc, retrospective analysis.
Treatment Regimens
Blinded treatment was begun with losartan 50 mg or atenolol 50 mg daily and matching placebo of the other agent, with a target pressure of 140/90 mm Hg or lower. During clinic visits at frequent intervals for the first 6 months and at 6-month intervals thereafter, study therapy could be up-titrated by addition of hydrochlorothiazide 12.5 mg, followed by increase in blinded losartan or atenolol to 100 mg daily. In patients whose blood pressure was still not controlled, additional open-label upward titration of hydrochlorothiazide and if necessary institution of therapy with a calcium channel blocker or additional other medications (excluding AT1-or β-blockers or ACE-inhibitors) was added to the double-blind treatment regimen.
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Electrocardiography
Study ECGs were obtained at baseline, at 6-months, and at yearly follow-up intervals until study termination or patient death and were interpreted as previously reported in detail. [35] [36] [37] [38] Cornell product >2440 mm•ms or Sokolow-Lyon voltage >38 mm were used to identify LVH.
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End Point Determination
New-onset AF was identified in a total of 701 patients, either from protocol-mandated in-study ECGs undergoing Minnesota coding at the ECG core laboratory (n=405) or by adverse event reports of AF by the investigators (n=572). 43 In patients who had new AF by both criteria, the earliest onset AF was taken as the time to new AF for this analysis. SCD was a prespecified secondary end point in LIFE and was defined as death that was sudden and unexpected, including observed arrhythmic deaths and those not attributable to myocardial infarction, intractable heart failure, or other identifiable cause, that occurred within 24 hours of symptom onset or when the subject was last seen alive if SCD was unwitnessed. [35] [36] [37] [38] If an autopsy was performed in a patient who died suddenly and evidence of a recent myocardial infarction was found, the death was classified as secondary to myocardial infarction and not a SCD. [35] [36] [37] [38] Each case was reviewed and verified by the End Point Committee who were blinded to study ECG LVH findings when classifying possible morbid events.
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Statistical Analyses
Data management and analyses were performed by the investigators using SPSS version 19.0 (IBM Inc, Armonk, NY), the free statistical software program R version 2.10.1 (http://cran.r-project.org), and SAS statistical software package version 9.2 for PC (SAS Institute Inc, Cary, NC). Data are presented as mean±SD for continuous variables and proportions for categorical variables. Differences in mean values between patients grouped according to development of new AF were compared using unpaired t tests; comparison of proportions between groups was performed using χ 2 tests. The relation of new-onset AF to the risk of having SCD was assessed using Cox proportional hazards models with AF status as a time-varying covariate. 44 Time to SCD was measured from study entry in those without new AF and from time of first diagnosis of new-onset AF in patients with new AF to either SCD or when patients were censored for any other death or last in-study and known alive. To test the independence of new-onset AF as a predictor of SCD, new-onset AF was entered into a multivariable Cox model that also included as covariates other significant univariable predictors of SCD ( Table I in the online-only Data Supplement) from among randomized treatment allocation, age, sex, race, diabetes mellitus, history of heart failure, myocardial infarction, ischemic heart disease, stroke, peripheral vascular disease, smoking, baseline body mass index, serum total and HDL cholesterol, creatinine, glucose, and urine albumin/creatinine ratio entered as standard risk factors; and incident myocardial infarction, in-treatment use of digoxin and antiarrhythmic drugs, diastolic and systolic blood pressure, heart rate, QRS duration, Cornell voltage-duration product, and Sokolow-Lyon voltage LVH entered as time-varying covariates by choosing the last measurement before SCD. Analyses were repeated stratifying the population by relevant subgroups by adding cross-product terms of new-onset AF and these subgroup variables into models in the total population.
To account for the difference in all-cause mortality, odds ratio were determined by multivariable logit link model for the competing risk of death from any cause other than SCD, where a regression analysis of the cumulative incidence probabilities was calculated. 45 To illustrate the results of delayed-entry analyses, SCD rate was plotted as a function of new-onset AF using a univariate modified Kaplan-Meier method, 46 implemented in SAS Release 8.2 on the WIN_PRO platform. Two-tailed P<0.05 was required for statistical significance.
Results
Patient Characteristics in Relation to Development of Atrial Fibrillation
During mean follow-up of 4.7±1.1 years, new-onset AF occurred in 701 patients (7.9%). Clinical and demographic characteristics of patients in relationship to development of new AF are shown in Table 1 . Hypertensive patients who developed new AF were older, more likely to be male, nonblack, have a history of ischemic heart disease, previous myocardial infarction, stroke and heart failure, had lower total cholesterol levels, greater albuminuria, and were less likely to be randomized to losartan-based treatment, but were similar with respect to other baseline characteristics.
Blood pressure and ECG measurements at baseline and changes in these measurements between baseline and last in-study determination or the development of new-onset AF are shown in Table 2 . Patients with new-onset AF had slightly higher mean baseline systolic pressure, lower baseline diastolic pressure, and greater reduction in systolic pressure but similar change in diastolic pressure. New-onset AF was associated with slightly lower mean baseline heart rate, slightly longer QRS duration, and more severe baseline ECG LVH by Cornell product and Sokolow-Lyon voltage criteria.
Patients who developed AF had smaller reduction in mean heart rate, slightly greater increase in QRS duration, and less regression of LVH by Cornell product criteria, but had similar change in Sokolow-Lyon voltage compared with patients who did not develop AF.
Digoxin and antiarrhythmic drug use at baseline and at year intervals during treatment in relation to development of new-onset AF are shown in Table 3 . Patients who developed new-onset AF during the study were significantly more likely to be treated with digoxin or antiarrhythmic drugs at baseline and at each year of the study.
Sudden Cardiac Death in Relation to Incident Atrial Fibrillation
During mean follow-up of 4.7±1.1 years, SCD occurred in 151 patients (1.7%) and was significantly more frequent in patients Modified Kaplan-Meier curves 45 comparing the rate of SCD according to development of new AF over the time course of the study (Figure) demonstrate that new-onset AF was associated with a greater risk of developing SCD as compared with the absence of AF, with development of new AF associated with an estimated 5% higher absolute incidence of SCD after 4 years of follow-up.
The predictive value of new-onset AF for SCD in relevant subsets of the population is examined in Table 5 . The association between SCD and new-onset AF was similar in men and women, patients above and below 65 years of age, patients with and without diabetes mellitus or a history of ischemic heart disease, myocardial infarction, or heart failure, and patients stratified by baseline HR of 84 beats per minute or the presence or absence of Cornell product LVH on their baseline ECGs, with slightly higher risk in black as opposed to nonblack patients and in patients <65 years of age. New-onset AF was associated with significantly greater risks of SCD among patients randomized to losartan-versus atenolol-based therapy and in patients with as opposed to without LVH by SokolowLyon voltage on their baseline ECGs. New-onset AF remained a statistically significant predictor of SCD after also including the interaction terms between new-onset AF and both randomized treatment assignment and baseline LVH by SokolowLyon voltage in the multivariable Cox model (P<0.001). When stratifying by treatment arm, new-onset AF was a significant predictor of SCD in patients randomized to losartan-based therapy (HR, 4.19; 95% CI, 2.00-8.42; P<0.001) but not *Adjusted for age, sex, race, diabetes mellitus, history of heart failure, myocardial infarction, ischemic heart disease, stroke, smoking, baseline serum high-density lipoprotein cholesterol, creatinine and glucose, and urine albumin/ creatinine ratio as standard risk factors, and for incident myocardial infarction, in-treatment digoxin use, diastolic and systolic blood pressure, heart rate, QRS duration, Cornell product, and Sokolow-Lyon voltage LVH as time-varying covariates. **Adjusted only for age, sex, race, diabetes mellitus, history of heart failure, myocardial infarction, ischemic heart disease, stroke, smoking, baseline serum HDL cholesterol, creatinine and glucose, and urine albumin/creatinine ratio as standard risk factors. 
Discussion
These findings demonstrate that hypertensive patients with ECG LVH who develop new AF in the course of aggressive treatment to lower blood pressure have an increased risk of SCD. The increased risk of SCD associated with new-onset AF was independent of traditional risk factors for SCD and persisted after adjusting for the possible impact of incident myocardial infarction on SCD risk and after taking into account the possible relation of SCD to in-treatment blood pressure, digoxin use, and the known predictive values of race, in-treatment heart rate, QRS duration, and ECG LVH for SCD in this population. [35] [36] [37] [38] These findings suggest that new-onset AF in hypertensive patients should be considered as a new risk factor for SCD and that additional evaluation of these patients should be considered at the time of new AF.
Mortality and Atrial Fibrillation
Previous studies have demonstrated a strong relationship of both prevalent and new-onset AF to mortality in population-based studies, [15] [16] [17] [18] and that hypertension remains the most common comorbid condition among patients of all ages who develop AF. [15] [16] [17] [18] In addition, AF has also been related to increased mortality in patients after-myocardial infarction 19, 20 and in most [21] [22] [23] [24] [25] [26] but not all [26] [27] [28] studies of heart failure patients. However, the relationship of SCD to existing AF has been less well characterized, and there have been no studies to date examining the risk of SCD solely in relation to development of new AF.
The presence of AF or atrial flutter at the time of presentation with an acute myocardial infarction has been associated with an increased risk of SCD 20, 29, 30 during follow-up that extends out to 7 years. 20 However, in the VALsartan In Acute myocardial iNfarcTion (VALIANT) trial, 30 the relative contribution of previous AF to the prediction of SCD waned with time, contributing 12.5% of the predictive power for SCD during the in-hospital period but only 2.9% of the model power during the period from 6 months to 3 years. 30 Because new-onset AF during follow-up was not ascertained in VALIANT, 30 whether consideration of new-onset AF would further improve risk stratification for SCD could not be determined. Among postmenopausal women with documented coronary artery disease, 31 the presence of AF on a baseline or in-study ECG performed at yearly follow-up was associated with an ≈1.9-fold increased risk of SCD in the overall study population and a >4-fold increased SCD risk in the subset of the population with echocardiographic left ventricular ejection fraction data. Although existing or new AF was treated as a time-varying covariate in these analyses, 31 there was no distinction as to whether prevalent or new AF during follow-up was predictive of SCD. In contrast, the relationship of SCD to AF in heart failure patients has been less consistent. Among 390 consecutive patients with advanced heart failure, 24 the presence of paroxysmal or chronic AF was associated with a significantly greater SCD than sinus rhythm during mean follow-up of 236±303 days (31 versus 18%, P=0.0013). In 8178 outpatients with heart failure, 25 prevalent AF was associated with an increased risk of SCD in patients 65 years old or younger, but not in patients aged 66 to 75 or >75 years old. Finally, the presence of AF on the first Holter monitor was not associated with any significant increase in SCD in patients with mild-to-moderate heart failure enrolled in the Veterans Affairs VasodilatorHeart Failure Trial (V-HeFT) I (25 versus 33%, P<0.64) or V-HeFT II (20 versus 20%, P<0.68). 27 Additional support for the possible role of AF in SCD can be found in the relation of AF to appropriate device therapies for ventricular arrhythmias in patients with ICDs. [32] [33] [34] Among 400 patients with ICDs implanted for primary prevention of SCD, 32 a history of AF was associated with a 2.6-fold increased risk of ICD-detected ventricular arrhythmia during 15±12 month mean follow-up. During 20±14 month follow-up of 229 patients, 33 those with persistent AF at the time of ICD implantation had a higher rate of appropriate device therapy for ventricular arrhythmias than those in sinus rhythm (68 versus 38%, P=0.01) and AF was a significant predictor of both appropriate (RR, 1.8; 95% CI, 1.2-2.9) and inappropriate device therapies (RR, 2.3; 95% CI, 1.2-4.5) in multivariate logistic regression analysis. However, patients who developed new AF during follow-up were included in the sinus rhythm group, possibly underestimating the impact of total AF burden on appropriate ICD therapies and missing the opportunity to assess this outcome in relation to new AF. Finally, in 913 consecutive patients receiving an ICD at a single center, 34 permanent AF was associated with a 70% greater risk of death and a 220% greater risk of appropriate device therapies in multivariate Cox models during 833±394 days mean follow-up. However, patients with persistent or paroxysmal AF had no increased risk of appropriate device therapies in this population. The current study builds on these previous observations to demonstrate that development of new AF identifies a subset of patients with an increased adjusted risk of SCD in a population of hypertensive patients who had no history of AF and who were in sinus rhythm on their baseline study ECG. The association of new-onset AF with SCD was independent of standard risk factors for AF and SCD and the potential confounding impact of greater use of digoxin and antiarrhythmic drugs in patients who developed new AF, persisted after adjusting for other baseline and in-treatment variables that may be associated with SCD. [35] [36] [37] [38] Moreover, new-onset AF was an independent predictor of all-cause mortality and remained predictive of SCD when all-cause mortality was included as a competing risk. Importantly, the predictive value of new-onset AF for SCD was similar in most subsets of the population examined ( Table 5 ). The significantly greater risk of SCD associated with new-onset AF among patients randomized to losartanversus atenolol-based therapy is of note given the previously demonstrated lower incidence of AF among patients in the losartan arm of this study. 9 Given that there were only minor differences in clinical characteristics between losartan-and atenolol-treated patients who developed new AF in the LIFE study, 9 this finding suggests that losartan-treated patients who develop new AF may differ in some fundamental but heretofore unknown respect from atenolol-treated patients who develop AF that puts them at increased risk of SCD. However, the possibility that this association is attributable to chance cannot be completely excluded. The markedly greater risk of SCD associated with new AF in patients with as opposed to without LVH by Sokolow-Lyon product at baseline may be in part explained by the greater prevalence of Sokolow-Lyon LVH in black hypertensive patients and the higher risk of SCD in black hypertensive patients. 38 Further study of new-onset AF and SCD according to race/ethnicity and use of losartan will be needed to more fully understand these relationships. The slightly lower risk in patients aged ≥65 years is of note given the absence of a significant relationship of AF to SCD in heart failure patients >65 years old. 25 Lastly, the similar performance of new-onset AF in patients characterized by baseline heart rate and Cornell product LVH is relevant given the strong association of higher in-treatment heart rate and Cornell product with SCD risk. 35, 37 It is interesting to speculate about possible mechanisms via which new-onset AF could mediate an increased risk of SCD. AF produces irregular ventricular activation, leading to marked short-long-short sequences of RR intervals which can trigger ventricular arrhythmias. 33 Supporting this possibility, ventricular arrhythmia onset preceded by a typical shortlong-short interval sequence in which the short-coupled beat was suggestive of a ventricular origin was significantly more common before episodes of ventricular arrhythmias requiring ICD therapy in heart failure patients with persistent AF than in those in sinus rhythm (50 versus 22%, P=0.002). 33 Enhanced vulnerability of dogs and patients with AF to programmed ventricular stimulation-induced ventricular tachycardia that did not appear to be attributable to the higher heart in AF 47 suggests that an enhanced electric instability directly related to AF could play a role in the higher incidence of SCD in relation to AF. Pro-arrhythmia from therapies for AF could also play a role in the increased risk of SCD. However, adjustment for digoxin therapy did not attenuate the adjusted risk of SCD associated with new AF in the current study. AF may contribute directly to left ventricular systolic dysfunction as a result of rapid rates, irregularity of the ventricular rhythm, or loss of atrial systole. 48 Moreover, AF with rapid ventricular rates can be a cause of increased myocardial ischemia or tachycardia-induced cardiomyopathy. 48 However, the current study takes into account possible differences of in-treatment heart rate on SCD risk. 37 Finally, development of new AF may be a marker of additional or worse underlying structural heart disease which increases the risk of SCD.
Limitations
There are a number of potential limitations of the current study that warrant discussion. Because ECG detection of AF (but not adverse event reports of AF) required participants to survive to the next annual ECG, it is possible that some incident AF that occurred shortly before death may have gone undetected, resulting in an underestimation of the short-term SCD risk associated with new AF. In addition, because the LIFE study did not distinguish between paroxysmal and persistent or permanent AF, the risk of SCD to AF subtype could not be assessed. Although patients with active heart failure were excluded from LIFE 39 and we adjust for a history of heart failure in our multivariate analysis, we cannot exclude the possibility that new-onset AF identifies a subset of the population with a greater burden of structural heart disease and lower systolic function. 49 The absence of data on left atrial size and left ventricular size and function in the majority of patients and the small number of SCDs among patients in the echocardiographic substudy of LIFE who were free of AF at study baseline (n=10), unfortunately preclude a meaningful evaluation of whether new-onset AF remains predictive of SCD after further adjusting for these echocardiographic measures. Use of Cornell product and Sokolow-Lyon voltage criteria for LVH to select patients for the LIFE study increased the baseline risk of the study population; as a consequence, the present findings may not be representative of hypertensive populations with different or lower risk profiles. Lastly, cause of death may be difficult to ascertain and SCD is not necessarily the same as arrhythmic sudden death. Indeed, apparent SCD in this population could possibly reflect sudden death from embolic events including undetected stroke or pulmonary embolism. Further evaluation of the specific mode of sudden death would require data not acquired in this study. It is also possible that differences in definitions of SCD and types of SCD could in part be responsible for different associations observed between this and other studies.
Conclusions and Implications
Thus, in the setting of aggressive blood pressure lowering, onset of AF identifies a subset of the population at significantly increased risk of SCD. The increased risk of SCD associated with new-onset AF persists after controlling for other known and suspected risk factors for SCD and for the demonstrated predictive value of race and in-treatment heart rate, QRS duration, and ECG LVH for SCD in this population. [35] [36] [37] [38] These findings suggest that hypertensive patients who develop new AF may warrant further evaluation for better identification of other potentially reversible risk factors for SCD that might merit therapy. Finally, these findings suggest that prevention of the development of new AF may be a therapeutic approach to reducing SCD in the hypertensive population. Further research will be necessary to determine whether therapies targeted specifically at reducing AF incidence can reduce the risk of SCD. 
Sources of Funding
